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ABSTRACT 


Low  temperature  calorimetric  measurements  have  been  made  on  three 
metallurgically  prepared  high  strength  materials:  NiAl,  W-2  (a  heavy  tungsten 
alloy),  and  Al-Fe-Ce  (a  lightweight  alloy  with  dispersion  strengthening).  To 
fit  the  heat  capacity  data  between  3  and  10®K,  not  only  the  electronic  and 
lattice  contributions  having  T  and  T^  dependence,  respectively,  need  to  be 
considered,  there  is  an  additional  temperature-independent  term  presumably 
associated  with  magnetic  clusters.  These  results  provide  information  on  the 
fundamental  characteristics,  as  well  as  the  heterogeneous  nature  of  the  mat¬ 
erials  not  always  detectable  by  standard  metallurgical  techniques. 
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INTRODUCTION 


The  ever  increasing  demand  of  high  strength  materials  for  a  wide  range  of  applications  has  led  to  the  advance¬ 
ment  of  many  special  manufacturing  technologies.  Among  them  the  powder  metallurgy  is  particularly  attractive.  This 
method  allows  almost  any  conceivable  alloy  systems  to  be  synthesized  under  equilibrium  or  nonequilibrium  conditions. 
With  alloying  elements  dispersed  throughout  one  another  to  achieve  specially  designed  microstructures,  the  resulting 
materials  often  exhibit  excellent  mechanical  properties.  Furthermore,  powder  metallurgy  simplifies  processing  steps 
and  helps  form  high  strength  parts  of  complicated  configurations  at  much  reduced  difficulty  and  cost. 

This  work  deals  with  low  temperature  calorimetric  studies  of  three  high  strength  materials  synthesized  by 
powder  metallurgy:  NiAl,  W-2,  and  Al-Fe-Ce. 

In  the  rather  wide  composition  range  of  45  to  60  atomic  %  Ni  of  the  Ni-Al  binary  system,  an  intermediate  phase  6' 
based  on  NiAl  has  a  CsCl  structure.  The  intermetallic  compound  NiAl  has  been  the  subject  of  many  materials 
research  programs^  because  of  its  structural  stability  at  high  temperatures.  The  sample  used  has  a  Ni  content  of 
49.3  wt%.  W-2  contains  tungsten  grains  mixed  with  2.7  wt%  of  Fe/Ni/Cu  particles.*  Extensive  quality  control  in  in¬ 
itial  powder  production  ensures  a  consistent,  homogeneous  as-sintered  matrix  with  virtually  no  porosity.  This 
material  has  a  good  machinability  and,  like  most  tungsten  base  alloys,  has  a  high  weight-to-volume  ratio  required  in 
certain  applications.  In  contrast,  Al-Fe-Ce  represents  a  new  type  of  lightweight  aluminum  alloys  with  dispersion 
strengthening.  Our  sample  contains  8  and  4  wt%  of  Fe  and  Ce,  respectively. 3 


EXPERIMENTS  AND  RESULTS 

Heat  capacity  measurements  were  made  between  about  3  and  10°K  with  an  adiabatic  colorimeter.  Pulsed,  elec¬ 
trical  heating  and  germanium  thermometry  were  used.  The  heater  and  the  thermometer  were  attached  to  a  copper 
block,  which  was  in  turn  thermally  anchored  to  the  sample  weighing  20  to  40  g  each.  Heat  capacity  of  the  copper 
block  in  the  same  temperature  range  was  separately  determined  for  addenda  corrections. 

The  low  temperature  heat  capacity  of  a  typical,  metallic  solid  can  be  expressed  as  a  function  of  temperature:3 

C  =  yT  +  6T3. 

The  linear  term  is  associated  with  conduction  electrons,  with  its  coefficient  Y  related  to  the  density  of  states  at  Fermi 
level.  The  T3-dependent  term  arises  from  lattice  vibrations.  The  coefficient  6  is  proportional  to  0jy3,  where  the 
Debye  characteristic  temperature  0q  is  a  measure  of  the  bonding  strength  of  the  lattice.  Accordingly,  a  plot  of  C/T 
versus  T3  should  yield  a  straight  line  as  shown  by  the  data  for  pure  aluminum  in  Figure  1.  However,  this  is  obviously 
not  the  case  for  the  Al-Fe-Ce  sample.  Rather,  a  third,  temperature-independent  contribution  to  heat  capacity  needs 
to  be  included  to  fit  the  data: 

C  =  A  +  yT  +  8T3  . 


This  allows  again  a  linear  fit  for  (C-A)/T  versus  T3.  Similar  results  are  obtained  for  NiAl  in  Figure  2  and  for  W-2  in 
Figure  3,  where  the  normal  behavior  of  pure  tungsten^  is  also  exhibited  for  comparison.  Whereas  the  Y  value  of  NiAl 
is  the  same  as  that  obtained  by  Seitchik  and  Walmsey3  from  a  sample  showing  no  temperature-independent  term  in 
heat  cap^ritv,  the  B  value  corresponds  to  a  Debye  temperature  of  470°K,  which  is  much  lower  than  their  value  of 
560°K. 

*W-2  is  a  heavy  tungsten  alloy  developed  by  Kennametal  Inc.  fot  aerospace  and  nuclear  industries. 
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Figure  3.  Low  temperature  heat  capacities  of  pure  tungsten 
and  W-2  alloy. 

It  should  be  noted  that,  while  a  homogeneous  NiAl  is  of  a  single  phase,  the  other  two  samples  have  A1  or  W 
matrix  with  the  additional  elements  Fe/Ce  or  Fe/Ni/Cu  present  as  dispersed  particles  of  different  phases  for 
mechanical  properties  enhancement.  In  this  regard,  the  calorimetrically  determined  Y  and  6  values  for  the  multi-phase 
materials  represent  only  average  values  and  their  differences  from  those  for  the  matrix  materials  are  considered 
reasonable  in  magnitude. 

DISCUSSION 

Temperature-independent  heat  capacities  have  previously  been  observed  in  other  materials  at  low  temperatures, 
following  the  first  report  on  TiFe  by  Schroder  and  Cheng®  in  1960.  These  materials  invariably  contain  magnetic 
elements  Fe,  Co,  or  Ni,  but  are  not  magnetically  ordered.  The  interpretation,  which  is  likely  valid  here,  involves 
the  clustering  of  such  magnetic  elements  on  a  submicroscopic  scale  not  always  detectable  with  standard  metallurgical 
techniques.  In  principle,  energy  levels  of  magnetic  clusters  with  spin  J  can  be  split  by  crystalline  anisotropic  effects.® 
The  resulting  energy  level  pattern  produces  a  specific  heat  anormaly,  i.e.,  in  these  crystal  extra  degrees  of  freedom 
lead  to  a  constant  heat  capacity  contribution  if  the  thermal  energy  is  much  greater  than  the  energy  associated  within 
interaction  between  the  magnetic  moments  of  the  clusters  and  the  crystal  field.  Such  a  condition  is  apparently 
satisfied  in  this  work  even  at  relatively  low  temperatures. 

Clustering  occurs  when  atoms  of  the  same  kind  tend  to  associate  together.  This  and  the  short-range  ordering 
reflect  deviations  from  either  an  ideal  solid  solution  or  a  superlattice.  Studies  of  their  occurrence  are  of  importance 
towards  a  better  understanding  of  alloys  in  general.  In  this  regard,  it  is  of  interest  to  reveal,  through  low 
temperature  calorimetry,  the  existence  of  clusters  not  only  in  W-2  as  somewhat  expected,  but  also  in  NiAl  and  the 


‘For  detailed  discussion,  see  R.  L.  FALGE,  Jr.,  and  N.  M.  WOLCOTT.  J.  Low  Temp.  Phys.,  v.  5,  1971,  p.  617. 

6.  SCHRODER,  K.,  and  CHENG,  C.  H.  Correlation  of  Low-Temperature  Caloric  and  Magnetic  Effects  in  TiFe.  J. 
1960,  p.  2154. 
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Al-Fe-Ce  alloy.  Furthermore,  the  non-zero  temperature-independent  A-term  in  heat  capacity  and  the  lower  Debye 
temperature  of  our  NiAl  sample,  as  compared  to  that  of  Seitchik  and  Walmsey^  may  very  well  be  closely  related  since  A 
is  related  to  cluster  per  mole  or  inhomogeneity  in  the  material.  The  possible  effect  of  clusters  on  the  performance  of  high 
strength  materials  like  W-2,  as  well  as  the  dependence  of  their  formation  on  manufacturing  processes  should,  therefore, 
be  systematically  investigated  by  performing  similar  measurements  on  W-4,  W-6,  and  W-10  where  the  alloying  elements 
Fe/Ni/Cu  are  present  in  4,  6.  and  10  percent  by  weight,  respectively,  in  tungsten. 
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Pennsylvania  State  University,  Department  of  Materials 
Science  and  Engineering,  Steidle  Building,  University 
Park,  PA  16802 

2  ATTN:  Prof.  Richard  Tressler,  and  Dr.  J.  Mecholsky 

Rensselaer  Polytechnic  Institute,  Materials  Engineering 
Department,  Troy,  NY  12181 
1  ATTN:  Prof.  R.  Doremus 

Rutgers  University,  Busch  Campus,  Box  909,  Bowser  Road, 

Pi  scat  away,  NJ  08854 

1  ATTN:  Dr.  Malcolm  G.  McLaren,  Head,  Department  of 
Ceramics 

1  Prof  R.  Cannon 

Rutgers  University,  Department  of  Ceramics,  P.0.  Box  901. 
Piscataway,  NJ  08854 
1  ATTN:  Dr.  John  8.  Wachtman,  Jr. 

Texas  A&M  University,  Civil  Engineering  Department,  College 
Station,  TX  77843 
1  ATTN:  Or.  Richard  Schapery 

University  of  California,  Lawrence  Berkeley  Laboratory, 

264  Hearst  Mining  Building,  Berkeley,  CA  94720 

1  ATTN:  Dr.  Anthony  G.  Evans 

University  of  California,  Department  of  Materials  Science, 
Berkely,  CA  94720 

2  ATTN:  Prof.  D.  Marshall,  and  Dr.  A.  Evans 

University  of  California,  Lawrence  Livermore  Laboratory, 

P.0.  Box  308,  Livermore,  CA  94550 
1  ATTN:  Mr.  R  L.  Land ingham 

University  of  CaMfornia*  Department,  of  Materials  a  ir-nce 
and  Engineering,  Los  Angeles,  CA  10024 
1  Prof.  George  Sines 

University  of  Delaware,  Center  for  Composite  Materials, 

2001  Spencer  Laboratory,  Newark,  0£  I'*716 

1  ATTN:  prr>f.  R.  Byron  Pipes 


No  of 
Copies 


To 


University  of  Massachusetts,  Department  of  Mechanical 
Engineering,  Amherst,  MA  01003 
1  ATTN-  Prof-  J.  Ritter,  Jr. 

1  Dr.  K,  Jakus 


1 


University  of  Michigan,  Ann  Arbor,  MI  48109 
ATTN:  Prof.  T.  Y.  Tien  and  Prof.  J.  Wallace,  Department 
of  Materials  and  Metallurgical  Engineering 
Prof.  E.  Hucke 


University  of  Missouri  -  Ro 11a,  120  Fuller  Hall, 

Ro  11a,  MO  65401-0249 
1  ATTN:  Prof.  Robert  Moore 

University  of  Washington,  Seattle,  WA  98195 
1  ATTN:  Prof.  R.  Bradt,  Mining,  Metallurgical  and 
Ceramic  Group 

3  Or.  A.  F.  Emery,  Prof.  Albert  S.  Kobayashi,  and 

Dr.  Raymond  Taggert,  Department  of  Mechanical 
1  Charles  W.  Newquist,  Ceramic  Engineering 

Oivision,  FB-10 
I  Prof.  A.  Miller 

University  of  Wyoming,  Composite  Materials  Research  Group. 
Mechanical  Engineering  Department,  Laramie,  WY  32071 
1  ATTN:  Prof.  Donald  r .  Adams 

Virginia  Polytechnic  Institute  and  State  University, 
Blacksburg,  VA  24061 

1  ATTN:  Or.  0.  P.  H.  Hasselman,  Department  of  Materials 
Engineering 

1  Prof.  K.  L.  Reifsnider,  Department  of  Engineering 

Science  and  Mechanics 

Washington  University  at  St.  Louis,  Lin-'ell  and  Skinker, 
Box  1087 ,  St.  Louis,  MO  63130 

1  ATTN:  Or.  H.  T.  Hahn,  Department  of  Mechanical 

Engineering 

Admiralty  Materials  Technology  Establishment,  PoHe, 

Dorset  BH  16  6JU,  United  Kingdom 

2  ATTN:  Or.  D.  Godfrey  and  Or.  M.  Lindley 

Admiralty  Research  Establishment,  Holton  Heath,  Polle, 
Dorset,  BH  16  6JU,  United  Kingdom 
)  ATTN:  Mr  Keith  Pitman 

CSIRO  Advanced  Materials  Laboratory,  P.0.  Box  4331, 
Melbourne,  Victoria,  Australia  3001 
1  ATTN:  Dr.  M.  V.  Swam 

Denk  i  Kagaku  Kogyu  Kabushiki  Kaisha.  Pan  -American  Build¬ 
ing,  200  Park  Avenue,  New  York,  NY  10166 
1  ATTN:  Mr.  Yukio  Ohhara 

Kyocera  Corporation,  Central  Research  Laboratory, 

1-4  Yamashita  -  Cho,  Kokubo,  Kagoshima,  399-43,  Japan 
l  ATTN:  Dr  Y.  Hamano 


■m 


University  of  Illinois  at  Urbana-Champaign,  Department 
of  Ceramic  Engineering,  105  South  Goodwr  Avenue, 
Urbana,  IL  G1301 

1  ATTN:  Prof.  Clifton  G.  Bergeron,  Mead,  Department  r?f 
Ceramic  Engineer  i,.g,  204  Ceramics  Buildinq 
1  Prof.  Sherman  D.  Brown.  203  Ceramics  Buildinq 

I  Or.  Subhash  Risbud 
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Lucas  Cook^on  Syalon,  Ltd.,  Cranmore  Boulevard,  Shirley- 
Sulihull,  West  Midlands,  B904LL,  United  Kinndom 
2  ATJN:  Dr.  E.  G.  Butler,  and  J.  Lumby 

Materials  Research  Laborator ies ,  P.U.  Box  50,  Ascot  Vale, 
VIC  3032,  Australia 
1  ATTN:  Dr.  C.  W.  Weaver 

National  Institute  for  Materials  Research.  D.0.  Box  395, 
Pretoria,  0003.  South  Africa 

1  ATTN:  Dr.  8.  berger 

Norton  Company,  8001  Dalv  Street,  Niagari  ualls,  -lnt. arm, 
Canada  L2G  6S2 

2  ATTN:  Dr.  Chris  Knapp  and  Dr  D  TYisi.hu* 

SNECMA  Laboratorre  -  Sent  ion  Y*YJT5,  ;I  Jlifit, 

Eury  Eedex,  France 
I  ATTN:  Or.  Daniel  ,  aror/ir. 

Stiftelsen  Svonsk  Do  tor  i  *  •  'ir->  " ,  T-’ !  1  .  hor-;-. . 

34-26,  P.U.  Box  32058,  --126  11  '.t-vmn!".  '  we/ion 

1  ATTN:  Dr.  Finn  Ouch  ter  I -mg 


« 
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■V"V 
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Toyota  Central  Research  and  Development  Laboratories. 

502  Group,  Nagakute-Cho,  A u: hi -Gun,  Aichi-Ken  480-11, 

Japan 

1  ATTN:  Or.  Shigeki  Kobayashi 

University  of  Newcastle  Upon  Tyne,  Cookson  Group. 

Newcastle  on  Tyne,  NEI  7  RU,  United  Kingdom 
1  ATTN:  Prof.  K.  Jack 

1  Or.  Maxine  Savitz,  5019  Lowell  Street,  Washington,  OC  .10016 

Adiabatics,  Inc.,  630  S.  Mapleton,  Columbus,  IN  47201 
1  ATTN:  Or.  Roy  Kamo,  President 

Advanced  Refractory  Technologies,  Inc.,  699  Hertel  Avenue, 
Buffalo,  NY  14207 
1  ATTN:  Dr.  Peter  T.  B.  Shaffer 

The  Aerospace  Corporation,  P.0.  Sox  92957,  Los  Anqeles, 

CA  90009 

1  ATTN:  W.  U.  Roessler,  M3-392 

Air  Products  and  Chemicals,  Inc.,  Box  53S,  Allentown, 

PA  18105 

1  ATTN:  Mr.  Ken  Baumert 

AiResearch  Casting  Company.  19800  Van  Ness  Avenue,  Torrance, 
CA  90509 

4  ATTN:  Mr.  Karsten  H.  Styhr.  R.  Henqst.  0.  Schwab,  and 
0.  Kotchick 

AiResearch/Garrett  Turbine  Engine  Company.  p.O.  Sox  ol? 3  7, 

111  South  34th  Street,  Phoenix,  AZ  85010 

4  ATTN:  Or.  0.  Carruthers,  Dave  G.  finger.  Or.  J.  Smythe, 

and  Or.  J.  Wimmer 

AiResearch  Manufacturing  Company,  2525  West  190th  Street, 
Torrance,  CA  90509 

1  ATTN:  David  Kotchick,  3-42,  Department  93-18 

ALCOA  Laboratories ,  Alcoa  Center.  PA  15069 
1  ATTN:  Mr.  Richard  Rolf,  Product  Engineering  Division 

Pmercom,  Inc.,  8948  Fullbright  Avenue.  ChatswortC,  CA  91311 
I  ATTN:  Mr.  R.  £.  Fisher,  President 

AM  General  Corporation.  14250  Plymouth  Road,  Detroit, 

MI  48232 

1  ATTN:  Steven  Sanborn 

ARCO  Metals  Company,  Ceramic  Materials  &  Process  Technology, 
Si  lag  Operation,  Route  6,  Box  A,  Greer.  SC  79651 

2  ATTN:  Mr.  James  F.  Rhodes  and  Or.  Ronald  L.  Beatty 

AVCO,  Lowell  Industrial  Park,  Lowell,  MA  01387 
1  ATTN:  Or.  T.  Vasilos,  Applied  Technology  Division 

AVCO  Lycoming  Division,  550  South  Main  Street,  Stratford, 

CT  06497 

5  ATTN:  Dr.  Sharon  Trombley,  0.  E.  Wilson,  Hsianmin  Jen, 

Robert  Johnston,  and  Mr.  Zoltal  Libert  in- 

Babcock  and  Wilcox,  P.0.  Box  1260,  Lynchburg,  VA  74505 
1  ATTN:  Mr.  Michael  Rigdon 

Sell  Laboratories,  Inc.,  555  Union  8Jvd.,  Allentown, 

PA  13103 

l  ATTN:  Bhaskar  B.  Ghate 

The  Sendix  Corporation,  900  W.  Maple  Road,  Troy,  MI  4 8084 
1  ATTN:  Paul  C.  Becker,  Ph.D.,  Manager,  Engineering  Materials, 
Materials  Technology  Center,  Automotive  Techni<el 
Center 

The  Boeing  Company.  Seattle,  WA  93124 
1  ATTN:  Mr.  J.  Van  Wyk ,  Materials  &  Processes  Laboratory. 
Aerospace  Group 

Brunswick  Corporation,  150  Johnston  Road,  Marion,  VA  74  354 
1  ATTN:  Harold  R.  Mabe,  Defense  Division 

Garry  0.  Leonard  and  Robert  i. .  'ope  I  and 

Caterpillar  Tractor  Company,  MO  N.E.  Adams,  Peon  a, 

IL  61629 

L  ATTN:  Mr.  John  M.  3.1 »  ley.  Research  ensoif  inf,  Rom*  •* 
Department,  Techno  1 1  >  i>nt<>r 


Ceradyne  Inc.,  3030-A  ..«v»th  :Vd  Mil1 
CA  9? 705 

ATTN:  Dr.  Richard  Piltrka 


epiif* ,  In!  !  -«ll  1  , 


Ceramic  Finishing  lompan,',  P.U.  Bo- 
PA  16801 

!  ATTN-  Or.  H.  P.  sirchner 


1  ‘ 1  ,  t  ite  el  lege  . 


Champion  .park  Plug  Company,  70000  Conner  Avenue.  I1** !  r  r»  1 1  . 

MI  4333*1 

7  ATTN:  Mr.  William  M,  inn  mg  and  Mr.  Paul  Rempes 

Chrysler  Corporation,  Box  1118,  Detroit,  Ml  4,:<?3” 

1  ATTN:  John  M.  Corwin,  C I  MS  118- >6-15 

Combustion  Engineering  Inc..  911  West  Mam  Street 
Chattanooga,  T N  37402 
1  ATTN:  C.  H.  Sump 

Coors  Porcelain  Company,  600  Ninth  jtreet.  Golden. 

CO  80401 

7  ATTN:  Kenneth  Green,  Eng.  IV  Supervisor,  jnd 
Mr  Donald  Roy 

l.oors  Porcelain  Company,  1 7 7 SO  North  32nd  Street,  Golden, 

CO  30401 

1  ATTN:  Or .  David  Wir th.  Vice  President,  Technical  operation- 
Research  and  Development 

Corning  Glass  Works,  Sullivan  Pork,  Corning,  NY  14830 
1  ATTN:  Mr.  J  G.  Canning,  Advanced  Engine  Components,  HP-BB- 
1  Herbert  A.  Mi  ska.  Main  Plant,  MS  2. -05-5 

5  Dr.  K.  Chyung,  Dr.  M.  Taylor,  Donna  l  Taylor, 

Ms.  S.  Stuck  ley,  and  Mr.  D.  1 arsen 

Cummins  Engine  Company,  Inc.,  Box  3005,  . olumbus,  IN  4/20? 
ATTN:  Dr.  James  W.  Patten,  Director,  Materials  Engineer inq. 
Mail  Code  50183,  and  Dr.  George  Wo  Iter 
I  Dr.  T.  Yonushonts 

Deere  and  Company  Technical  Center,  3300  River  Drive. 

Mo  line,  IL  61265 

]  ATTN:  Dr.  Gopdl  Rpvankar,  Metals  Research 

Delta  '}  Labs,  P.O.  Box  64,  West  Notti.gham,  NH  03791 
1  ATTN:  Dr.  Dale  Rice 

OHR,  Inc.,  6858  Old  Dominion  Drive,  McLean,  VA  77101 

!  ATTN*  Or.  Richard  SUberqlitt 

Dow  Corninq  Corporation,  390?  S.  Saginaw  load.  Midland, 

MI  48640 

J  ATTN:  Dr.  Frank  Chi 

Dow  Corning  Corporation,  3901  S.  Saginaw  Road,  Midland, 

MI  48640 

1  ATTN:  Mr.  H.  W.  Fogle song 

Dow  Corning  Corporation,  Midland,  MI  48000 
1  ATTN*  Mr.  Neal  Langley 

The  Dow  Chemical  Company,  M.  (. .  Pruitt  Bldg.  -  '776, 

Central  Research  Inorganic*  lab..  Midland,  MI  48640 
!  ATTN:  William  Rafamello 


Southfield,  MI  4803/ 

I  ATTN:  Kenneth  A.  Hatcher 

1  Mr  Thump,  1.  W is. mg.  Manager,  Government  Conti  u 

Atirim*  tnt  ion,  L  ng  ineerlnr)  ind  Re*  e.m  h  •.  ente* 

EG&G,  Inc.,  Mafir  *  am  Technology  Division,  Idaho  Nil  nm.i 
.  ibor  jior  >e«. .  *'.  I.  Box  1676,  \  d  aho  fills,  ID  *  14 1  *• 

ATTN*  Dr.  Vuler  kelsev,  md  Or.  G.t*  ■,  Korih 

EATON  Oper.it  inns  ind  Terhmr)!  'enter,  1701  Norm  "  ‘  h  ! 
Milwaukee,  WI  53716 

1  ATTN:  Dr.  T.  KucZkOwski,  Materials  ResiMrrh 

F PR l  ,  P.0.  Box  104  1  2  ,  34  1  3  Ht',!v*i*‘w  Avenue,  Mn  Vm, 

CA  94 104 

ATTN:  Dr.  A,  ■  nhn  Hid  Mr.  K.  Kin*  man 

fiber  Materials.  Inc.,  Biddotor-j  Ind.e.tr  ni  Pir*  .  'i-M**i 
ME  04005 

!  ATTN-  Dr.  H.  .)  Bat  ha 

I  >r*d  Motor  Company,  P.O.  Be*  70** 3,  *  v'  T.y 

I  ATTN*  V.  A.  *’i  fe  in.  *r’:n  *•*  *.*.  =  .  *  . •  ,*  •■  ’  *■•■'  * 

1  Lewis  A.  Swank.  Rm.  f  -  \  A; 

Dr  9 .  Gov i la 

‘’hr  Garret  t  'orpor  it  ion  ,  ‘  1  **[•»»  t  »'d  i  Dog  1  ■■>.■  n  t,  " 

9?  748  ,  |  os  Angeles,  7  A  nnonu 
I  ArTN:  Dr.  Y»hn  Vasnn,  Vii  •’  ’den*  -  i  ng  <  *■••»'•  •  ; 
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GA  Technologies,  Inc.,  P.O.  Box  31608,  San  Diego,  CA  9? 1 38 
I  ATTN:  Or,  T.  0.  Gulden,  Manager,  Ceramics  and  Chemistry 

Gas  Research  Institute,  8600  West  Bryn  Mawr  Avenue,  Chicago, 

H  60631 

1  ATTN:  Or.  Winston  W.  li*ng,  Project  Manager,  Industrial 
Materials  Research 

General  Electric  Company,  P.O.  3ox  527,  King  of  Prussia, 

PA  19406 

I  ATTN:  Dr.  Solomon  Musikant,  Program  Manager,  Advanced 
Energy  Programs  Department 

General  Electric  Company,  Aircraft  Engine  Group,  Mail  Orop 
H-99,  Cincinnati,  OH  45215 
1  ATTN-  Warren  A.  Nelson 

General  Electric  Company,  Mail  Drop  M82,  1-75  and  Neumann 
Way,  Cincinnati,  OH  45215 
,  ATTN:  Or.  John  S.  Erickson 

General  Electric  Company,  '.0.  Box  3,  Schenectady,  NY  12345 
3  ATTN:  Or.  Curtis  A.  Johnson,  Or.  R.  Giddings,  and  Or.  C. 

Greskovich,  Research  and  Development  Center 
I  Dr.  R.  J,  Charles 

General  Electric  S.ace  Division,  Rm.  U4212,  Bldg.  100, 

P.0.  Box  8555,  Philadelphia,  pA  19101 
l  ATTN:  Dr.  A.  Ismail  Abdel-Iatif 

General  Dynamics  Corporation,  P.0.  Box  2507,  Pomona.  *A  H'66 
1  ATTN:  Dr.  R  Hallse,  Pomona  Division 

AC  Spark  Plug  Division  of  General  Motors,  1300  North  Dir* 
Highway,  Flint,  MI  48556 
1  ATTN:  Bernard  J.  Busovne,  Jr. 

1  Dr.  Frederick  L.  Kennard,  III,  Supervisor,  er.;  nu.s 

Research 

General  Motors  Technical  Center,  Research  laboratories. 
Department  43,  General  Motors  Research,  Warren,  MI  48090 

2  ATTN:  Mr.  Bill  Alcini,  and  Jerry  A.  Barendreght 

General  Motors  Corporation,  Allison  Gas  Turbine  Operations, 
P.0.  Box  420,  Indianapolis,  IN  46206-0420 

3  ATTN;  Dr.  Peter  W.  Heitman,  W-5,  Mr.  H.  F.  Helms,  and 

Michael  Janovicz 

1  Mr.  Harold  l.  Stocker.  T-23,  Manager,  Low  Heat 

Rejection  Program 

l  Dr.  Pramod  Khandelwal  W-5 

Gobal,  ID  Milk  Street,  15th  Floor,  Boston,  MA  02109 
1  ATTN:  Dr.  Bruce  Rubinger 

GTE  Laboratories ,  ‘’O  Sylvan  Road,  Waltham,  MA  02154 
1  ATTN:  Or.  J.  Thomas  Smith,  Director,  Precision 
Materials  Technology 

5  Dr.  Arvid  r.  Pasto,  Mr.  J.  Neal,  Dr.  M.  l.  Huckabee, 

Dr.  J.  G.  Baldoni,  and  Dr.  T.  8utler 

GTE  Wesgo,  477  Harbor  Boulevard,  Belmont,  CA  94002 
3  ATTN:  Mr.  C.  Edmiston,  Dr.  D.  Milovic,  and  Dr.  Howard 
Mizuhara 

Honeywell  Ceramics  Center,  1885  Douglas  Drive,  Golden 
Valley,  MN  55422 
1  ATTN:  Mr.  W.  Harrison 

Honeywell,  Inc.,  10701  lyndale  Avenue  South,  Bloomington, 

MN  55420 

?  ATTN:  Dr.  B.  Koepke,  and  Dr.  K.  McHenry 

Hovwnet  Turbine  Components  Corporation,  1600  South  Warner 
Road.  Whitehall,  Ml  49461 

1  ATTN:  Mr.  Larry  G.  McCoy,  Ceramic  Products  Division 

IBM  Corporation,  1701  North  Street,  Endicott,  NY  1373? 
i  ATTN:  Dr.  Brent  Knifer,  U48/022-3 

Jet  Propulsion  Laborator les,  4800  Oak  Grove  Drive,  Pasadena, 

CA  91103 

1  ATTN:  William  A.  Edminston.  Building  506,  Room  432 

1  James  G.  Zwissler,  Member  Tech.  Staff 

1  or.  Richard  Smoak 

Kennametal,  Inc.,  Box  639.  Greensburg.  PA  15601 
1  ATTN:  Or.  Bernard  North 

Kyocera  International,  2300  East  Devon  Avenue,  'uite  '’SB. 

Oes  Plaines,  II  600 1 S 
I  ATTN:  Nick  Kamiya 


Lanxide  Corporation.  Tr ? 1 ee  Industrial  Pirk,  Newark,  HE  1971] 
ATTN:  Mr.  Stanley  Lutz 

Lockheed  Missiles  inj  Space  Company,  Inc.,  P.O.  Bo  *  -'04. 
Sunnyvale,  CA  94086 

ATTN:  C.  D.  Himmelblau,  Sr.  Materials  Engineer,  0/81-33. 

B/154 

LTV  Vought  Missiles  and  Advanced  Programs  Division, 

P.O.  Box  225907,  Dallas,  TX  75265 

ATTN:  Mr  Douglas  Freuag,  Mail  Stop  TH-35 

Maremont  Corporation,  291  North  Street,  Saco,  ME  04072 
ATTN  Ernest  Bunning,  Saco  Defense  Systems  Division 

Martin  ^arietta  Aerospace.  P.O.  Box  5837,  Orlando,  FL  32355 
ATTN:  Earle  A.  Welsh,  305/352-3435,  Mail  Point  275 

Martin  Marietta  Laboratories ,  1450  South  Rolling  Road, 
Baltimore,  MD  21227-38 98 

ATTN:  Dr.  Albert  R.  C.  Westwood,  Corporate  Director 
Or.  J.  Venables 

Mechanical  Technology,  Inc.,  968  Albany-Shaker  Road.  Latham, 

NY  12110 

ATTN:  Mr.  Warren  F.  Besslur,  Manager,  Advanced  Programs  Branch 
S.  Gray  and  W.  P.  Sumigray 

Norton  Company,  High  Performance  Ceramics,  Goddard  Road, 
Northboro,  MA  02153  32-1545 

ATTN:  Mr.  Robert  J.  Rush'll,  Divisional  Vice  President, 

Technology  and  Planning,  High  Performance  Ceramics 
Or  Anil  K.  Agarwall,  Product  Manager 
Dr.  Joseph  Panzarmo,  Or.  P.  0.  Charreyron,  Dr.  James 
Hannoosh,  and  Maurice  L.  Torti 
Mr  R.  Yeckley,  Mr.  N.  Corbin,  and  Mr.  l.  Chunk 

ORI.  Inc..  1375  Piccard  Drive,  Rockville,  MD  20910 
ATTN:  Mr.  William  L.  Cleary,  Associate  Division  Director 

Pratt  and  Whitney  Aircraft,  P.O.  Box  2691,  West  Palm  Beach, 

FL  3u402 

ATTN:  Mr.  Mel  Mendel  son 

Raytheon  Missile  Systems  Division,  8ehford,  MA  01730 
ATTN:  Or.  Peter  L.  Bo  I  and,  Joe)  Speare,  and  Bruce  C.  Center, 
Staff  Engineer 

Raytheon  Reseaich  Division,  131  Soring  Street,  Lexington, 

MA  02173 

ATTN:  Dr.  R.  Gentilman  and  Dr,  E.  Maguire 
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